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Composition for stabilization of polyethylene, polyethylene, method of preparation thereof,

polyethylene implants

Field of Art

The invention relates to stabilizing composition, and to polyethylene stabilized by this

composition against oxidative degradation, said polyethylene being useful for production

of implants used in human or veterinary medicine.

Background Art

The specific application of polyethylene (especially ultra-high-molecular-weight

polyethylene, UHMWPE) in joint replacements requires that this material is well tolerated

by the organism, resistant to aggressive body fluids, and that it maintains the necessary

physical and mechanical qualities over the whole expected lifetime of said replacement.

Practice has shown that some applications require that the UHMWPE material is cross-

linked by means of high-energy irradiation, in order to achieve the optimum combination

of the properties of said material, in particular increase of its wear resistance. One of the

major factors affecting long-term utility of the thus modified materials is the lifetime of the

replacement in given conditions, in particular the stability against oxidative degradation.

Long-term oxidative stability of UHMWPE is one of the basic prerequisites for achieving

the desired lifetime of joint replacements. Oxidation results in hardening and embrittlement

of polyethylene in the depth of several tenths of millimeter up to a millimeter. Even though

the aging of the UHMWPE joint replacements was thoroughly studied, the exact

mechanism of UHMWPE oxidation in human body has not been elucidated completely.

The UHMWPE oxidation is a complex succession of cascade reactions, the course of

which is not exactly known. Enzymatic redox reactions (caused by the action of

dehydrogenase and oxidase) occurring among the cells lead to the formation of significant

amounts of free radicals of varying stability. The presence of the polyethylene molecule in

close proximity to the cell leads to interference with these reactions, e.g., to activation of

hydrogen transfer from a chain tertiary carbon, resulting in redox degradation of

polyethylene taking place via radical mechanism.



Effective stabilizers for polyolefins were developed and are commercially available.

However, they are not suitable for medical applications as joint replacements, according to

hygienic-toxicologic criteria. Hence, their alternatives were sought for. Dolezel and

Adamirova (CZ 221 404, 1982) were the first to describe increasing oxidative stability of

polyethylene by incorporation of tocoferols (vitamin E). Besides vitamin E, further

biologically acceptable substances were provided as polyethylene antioxidants. Hahn has

described the antioxidative effect of carotenoids, in particular beta-carotene, to UHMWPE

(US 5,827,904). Later on, several processes improving the wear resistance of UHMWPE

were described, based on the combination of vitamin E addition and radiation cross-

linking. Some documents disclose stirring of vitamin E into pulverized UHMWPE, its

subsequent processing and radiation cross-linking (US 6,277,390, US 6,448,315), yet other

documents describe diffusion of vitamin E directly into products made of UHMWPE,

usually at an elevated temperature (WO 2004064618, WO 20055110276, CA 256129). The

drawback of the former technique is a lower achievable cross-linking density of UHMWPE

in comparison to a non-stabilized material. The latter technique, based on diffusion, does

not provide any certainty as to the concentration of the incorporated antioxidant.

Improvement of the utility properties of UHMWPE for medical applications, designed to

remove these drawbacks, is based on stabilization of the material by a combination of

selected flavonoids with selected amino acids before the radiation cross-linking of said

material (US 8,586,667).

The present invention aims at providing polyethylene, in particular UHMWPE, stabilized

by biologically acceptable substances.

The solution provided by the present invention uses substances that are even used a

medicaments or food supplements.

Disclosure of the Invention

The invention is based on the surprising fact that combination of tocoferols and/or

tocotrienols, optionally with addition of tetraethylthiuramdisulfide, and of tetracycline

antibiotic shows a significant synergic antioxidation, i.e., stabilizing, effect in

polyethylene. Furthermore, it was found that the stabilizing system based on this synergic

misture does not substantially decrease cross-linking effect of gamma-irradiation or

accelerated electrons irradiation. Most significant synergic effect was found for the mixture



of alpha-tocoferol and tetracycline. Additionally, it was discovered that the synergic

antioxidant effect of the combination of tocoferols and/or tocotrienols with tetracycline

antibiotic to polyethylene is further increased by the presence of tetraethylthiuramdisulfide.

Tocoferol and/or tocotrienol alone with tetraethylthiuramdisulfide, or tetracycline alone

with tetraethylthiuramdisulfide do not show this synergic effect.

Object of the present invention is thus a composition for stabilization of polyethylene, said

composition consisting of a first component selected from the group consisting of

tocoferols, tocotrienols and mixtures thereof, and of a second component which is at least

one tetracycline-type antibiotic.

In one preferred embodiment, the first component further contains

tetraethylthiuramdisulfide in mass ratio of 1:3 az 1:1, relative to the total tocoferols and/or

tocotrienols.

In another preferred embodiment, the second component is selected from the group

consisting of tetracycline, oxytetracycline and chlorotetracycline.

Preferably, the ratio of the first and second components is in the range of 1:5 to 5:1.

The stabilizing system based on tocoferols and/or tocotrienols and a tetracycline antibiotic

enables the preparation of polyethylene cross-linked by ionization radiation, said

polyethylene having an increased resilience and wear resistance, as well as increased

resistance to oxidative degradation. Materials possessing these properties in combination

are suitable in particular for production of sliding parts of total joint replacements.

It was discovered that the cross-linking effect of the ionization radiation on polyethylene

stabilized by the combination of tocoferols and/or tocotrienols and tetracycline antibiotic is

higher in the presence of sterically hindered amines based on 2,2,6,6-tetramethyl piperidine

derivatives having molar weight of at least 480 g/mol and at most 4100 g/mol, whereas the

oxidative stability of the radiation-cross-linked material is equal or higher than that of

polyethylene stabilized only by the combination of tocoferols and/or tocotrienols and

tetracycline antibiotic.



Thus, in another preferred embodiment, the composition for stabilization of polyethylene

further comprises 20 to 80 wt. % of the hindered amine light stabilizer (HALS), relative to

the total weight of the compostion. HALS are typically sterically hindered polymeric or

oligomeric amines containing tetramethyl piperidine units, and/or amino- and/or CI -CIO

alkylamino-substituted 1,3,5-triazine units, whereas the polymeric or oligomeric amine has

molar weight of 480 g/mol to 4500 g/mol. HALS are well known to the person skilled in

the art.

The invention further includes the use of said compositions for stabilizing polyethylene.

Object of the present invention is also polyethylene having weight average molecular

weight of 5.105 g/mol to 6.106 g/mol comprising the stabilizing composition of this

invention. Preferably, polyethylene contains at least 200 ppm (by weight) of the stabilizing

composition of the present invention.

In one preferred embodiment, the polyethylene is ultra-high-molecular-weight

polyethylene (UHMWPE).

Furthermore, object of the present invention is a method of preparation of stabilized

polyethylene having average molar weight lower than 1.106 g/mol, wherein the

components of the composition are incorporated into polyethylene by melt stirring.

Yet furthermore, object of the present invention is a method of preparation of stabilized

polyethylene having average molar weight 1.106 g/mol or higher, which cannot be

processed using technologies appropriate for plastics. In this case, the components of the

composition are mixed with pulverized polyethylene to form a dry mixture which is then

subjected to pressing or intrusion process, i.e., by extrusion from piston-extruding

apparatus at a temperature higher than the melting temperature of the crystalline phase of

the used polyethylene.

Object of the present invention is also a method of preparation of stabilized radiation-

cross-linked polyethylene, wherein in the first step, the components of the stabilizing

composition are incorporated to polyethylene by the above-described methods, and



subsequently, the polyethylene is cross-linked by action of ionization radiation in inert

atmosphere in a irradiation dose of 50 kGy to 200 kGy. The radiation cross-linking of the

polyethylene and stabilizers is preferably carried out using γ -irradiation with radiation dose

rate of 0,7 kGy/h to 10 kGy/h, or using accelerated electrons irradiation with radiation dose

rate of 1 MGy/h to 10 MGy/h.

An advantage of the stabilizing composition according to the present invention is that the

basic components, i.e., tetracycline antibiotics and tocoferols and/or tocotrienols are

established medicaments or are essential components of human nutrition (vitamin E is a

mixture of tocoferols and tocotrienols), and their application as stabilizers of polyethylene

useful for production of implants minimizes risk of undesirable side effect to human or

animal organism. Transport of the antibiotic from the implant material to surrounding

tissues or interstitial fluid is practically impossible due to strongly hydrophobic properties

of polyethylene.

Examples of carrying out the Invention

Example 1

High density polyethylene having an average molecular weight w = 900 000 g/mol and a

stabilizer were melt mixed in laboratory kneader at the temperature of 190 °C and rpm 60

min 1 to form mixtures containing 1500 ppm of the stabilizer. In order to compare the

stabilizing effects, the polyethylene was stabilized by a-tocoferol (mixture A), combination

of a-tocoferol with tetracycline in mass ratio 2:1 (mixture B), combination of a-tocoferol

with tetracycline in mass ratio 1:1 (mixture C) and combination of a-tocoferol

with tetracycline in mass ratio 1:2 (mixture D). Thermooxidation stability of the materials

was determined as the temperature of oxidative reaction onset from calorimetric

measurements (differential scanning calorimetry, DSC). The results of the measurements

are shown in table 1.

Example 2

High density polyethylene having an average molecular weight w = 900 000 g/mol and a

stabilizer were melt mixed in laboratory kneader at the temperature of 190 °C and rpm 60

min 1 to form mixtures containing 1500 ppm of the stabilizer. Polyethylene was stabilized



by combination of vitamin E with tetracycline in mass ratio 1:1 (mixture E) and 1:2

(mixture F). Thermooxidation stability of the materials was determined as the temperature

of oxidative reaction onset from calorimetric measurements by the same method as in

Example 1. The results of the measurements are shown in table 1.

Example 3

High density polyethylene having an average molecular weight w = 900 000 g/mol and a

stabilizer were melt mixed in laboratory kneader at the temperature of 190 °C and rpm 60

min 1 to form mixtures containing 1500 ppm of the stabilizer, said stabilizer being a

composition consisting of vitamin E, tetracycline and tetraethylthiuramdisulfide in mass

ratio 1:1:1 (mixture G). Thermooxidation stability of the materials was determined as the

temperature of oxidative reaction onset from calorimetric measurements by the same

method as in Example 1. The results of the measurements are shown in table 1.

Example 4

Pulverized ultra-high-molecular-weight polyethylene having an average molecular weight

w = 3 000 000 g/mol and a stabilizer were mixed to form dry mixtures containing 1500

ppm of the stabilizer. In order to compare the stabilizing effects, the polyethylene was

stabilized by a-tocoferol (mixture H), combination of a-tocoferol with tetracycline in mass

ratio 2:1 (mixture I), combination of α-tocoferol with tetracycline in mass ratio 1:1

(mixture K) and combination of α-tocoferol with tetracycline in mass ratio 1:2 (mixture L).

The thus prepared dry mixtures were processed by pressing at the temperature of 190 °C

into plates having the thickness of 4 mm. Thermooxidation stability of the materials was

determined as the temperature of oxidative reaction onset by differential scanning

calorimetry (DSC). The results of the measurements are shown in table 2 .

Example 5

Pulverized ultra-high-molecular-weight polyethylene having an average molecular weight

w = 3 000 000 g/mol and a stabilizer were mixed to form dry mixtures containing 1500

ppm of the stabilizer. In order to compare the stabilizing effects, the polyethylene was

stabilized by α-tocoferol (mixture M), combination of α-tocoferol with tetracycline in mass

ratio 1:1 (mixture N) and combination of α-tocoferol with tetracycline in mass ratio 1:2

(mixture O). The thus prepared dry mixtures were processed by pressing at the temperature



of 190 °C into plates having the thickness of 4 mm. The plates were irradiated by γ -

radiation from the 60Co source in nitrogen atmosphere, using an irradiation dose of 104

kGy at dose rate of the γ -radiation being 1.05 kGy/h. After irradiation, the plates were

remelted in a mold under nitrogen atmosphere, at 150 °C for 10 min. Thermooxidation

stability of the materials was determined as the temperature of oxidative reaction onset by

differential scanning calorimetry (DSC). The results of the measurements are shown in

table 2 .

Example 6

Pulverized ultra-high-molecular-weight polyethylene having an average molecular weight

w = 3 000 000 g/mol and a stabilizer were mixed to form dry mixtures containing 1500

ppm of the stabilizer. In order to compare the stabilizing effects, the polyethylene was

stabilized by a-tocoferol (mixture P), combination of a-tocoferol with tetracycline in mass

ratio 1:1 (mixture Q) and combination of α-tocoferol with tetracycline in mass ratio 1:2

(mixture R). The thus prepared dry mixtures were processed by pressing at the temperature

of 190 °C into plates having the thickness of 4 mm. The plates were irradiated by

accelerated electrons, using an irradiation dose of 100 kGy at dose rate 1.0 kGy/h. After

irradiation, the plates were remelted under nitrogen atmosphere, at 150 °C for 10 min.

Thermooxidation stability of the materials was determined as the temperature of oxidative

reaction onset by differential scanning calorimetry (DSC). The results of the measurements

are shown in table 3 .

Example 7

Pulverized ultra-high-molecular-weight polyethylene having an average molecular weight

w = 3 000 000 g/mol and a stabilizer were mixed to form dry mixtures containing 1500

ppm of the stabilizer consisting of α-tocoferol with tetracycline and light stabilizer (HALS)

based on tetramethylpiperidine derivative in mass ratio 1:1:1. Mixture S contains

oligomeric piperidine derivative poly[[6-[(l,l,3,3-tetramethylbutyl)amino]-l,3,5-triazine-

2,4-diyl] [(2,2,6,6-tetramethyl-4-piperidinyl)imino]-l,6-hexanediyl[(2,2,6,6-tetramethyl-4-

piperidinyl)imino]]) having molar weight 2600 g/mol, commercially available under the

trade name Chimassorb 944, mixture T contains piperidine derivative l,3,5-triazine-2,4,6-

triamine, N,N"'-1,2- ethanediylbis[N-[3-[[4,6-bis[butyl(l,2,2,6,6-pentamethyl-4-

piperidinyl)amino]-l,3,5-triazin-2-yl]amino]propyl]-N',N"-dibutyl- N',N"-bis( 1,2,2,6,6-



pentamethyl-4-piperidinyl) commercialy available under the trade name Chimassorb 119,

mixture U contains oligomeric piperidine derivative based on polymeric reaction product

of 2,4,6-trichloro-l,3,5-triazine with mixture of N-butyl-l-butanamine and N-butyl-

2,2,6,6-tetramethyl-4-piperidinamine having the average molecular weight Mw = 4050

g/mol, commercially available under the trade name Tinuvin NOR 371. The thus prepared

dry mixtures were processed by pressing at the temperature of 190 °C into plates having

the thickness of 4 mm. The plates were irradiated by accelerated electrons in nitrogen

atmosphere, using an irradiation dose of 100 kGy at dose rate 1.0 MGy/h. After irradiation,

the plates were remelted under nitrogen atmosphere, at 150 °C for 10 min.

Thermooxidation stability of the materials was determined as the temperature of oxidative

reaction onset by differential scanning calorimetry (DSC). The results of the measurements

are shown in table 3 .

Table 1: Temperature of oxidation onset ( onS et) for ultra-high-molecular-weight

polyethylene, non- stabilized and stabilized according to Examples 1, 2 and 3

Stabilizer Mixture/Example

components; Non- A/1 B/l C/l D/l E/2 F/2 G/3

ppm stabilized

PE

a-tocoferol
- 1500 1000 750 500 - - -

Vitamin E
- - - - - 750 500 500

Tetracyclin
- - 500 750 1000 750 1000 500

Tetraethyl-
- - - - - - - 500

thiuramdisulfid

T onset · ° 204 257 270 271 273 270 271 274



Table 2 : Temperature of oxidation onset ( onSet) for ultra-high-molecular-weight

polyethylene modified by γ -irradiation, non- stabilized and stabilized according to

Examples 4 and 5

Table 3 : Temperature of oxidation onset ( onSet) for ultra-high-molecular-weight

polyethylene modified by accelerated electron irradiation (irradiation dose 100 kGy), non-

stabilized and stabilized according to Examples 6 and 7

Stabilizer Mixture/Example

components; Non- P/6 Q/6 R/6 S/7 T/7 U/7

ppm stabilized

UHMWPE

a-tocoferol
- 1500 750 500 500 500 500

Tetracyclin
- - 750 1000 500 500 500

Chimassorb 944 - - - - 500 - -

Chimassorb 119 - - - - - 500 -

Tinuvin NOR 371 - - - - - - 500

Tonset °c 199 204 215 216 226 225 225



Industrial Applicability

Stabilizer (composition for stabilization) of the present invention is particularly useful for

stabilization of polyethylene for medical applications, and the polyethylene stabilized

according to the invention is particularly suitable for production of implants used in human

and veterinary medicine.



CLAIMS

1. Composition for stabilization of polyethylene, characterized in that it consists from a

first component selected from the group consisting of tocoferols, tocotrienols and mixtures

thereof, and from a second component which is at least one tetracycline antibiotic.

2 . The composition according to claim 1, wherein the first component further contains

tetraethylthiuramdisulfide in a mass ratio relative to total tocoferols and tocotrienols 1:3 to

1:1.

3 . The composition according to any one of the preceding claims, wherein the second

component is selected from the group consisting of tetracycline, oxytetracycline and

chlorotetracycline.

4 . The composition according to any one of the preceding claims, wherein the mass ratio of

the first and second component is from 1:5 to 5:1.

5 . The composition according to any one of the preceding claims, which further comprises

20 to 80 wt. % of hindered amine light stabilizer.

6 . Use of the composition of any one of the preceding claims for stabilizing polyethylene,

preferably for stabilizing polyethylene having average molar weight of 5.105 g/mol to 6.106

g/mol.

7 . Polyethylene having average molar weight of 5.105 g/mol to 6.106 g/mol, characterized

in that it contains the composition of any one of claims 1 to 5, preferably in an amount of

at least 200 ppm of the composition.

8. A method of preparation of the polyethylene according to claim 7, having average molar

weight lower than 1.106 g/mol, containing the composition of any one of claims 1 to 5,

characterized in that the components of the composition are incorporated into polyethylene

by melt mixing.



9 . A method of preparation of the polyethylene according to claim 7, having average molar

weight 1.106 g/mol or higher, containing the composition of any one of claims 1 to 5,

characterized in that the components of the composition are mixed with pulverized

polyethylene to form a dry mixture which is then subjected to pressing or intrusion

process.

10. The method according to claim 8 or 9, wherein the polyethylene is subsequently cross-

linked by action of ionization radiation in inert atmosphere in an irradiation dose of 50 kGy

to 200 kGy.

11. The method according to claim 10, wherein the radidation cross-linking of the

polyethylene and stabilizers is carried out using γ -irradiation with dose rate of 0.7 kGy/h to

10 kGy/h, or using accelerated electrons irradiation with dose rate of 1 MGy/h to 10

MGy/h.

12. Implant for use in human or veterinary medicine, characterized in that it contains

polyethylene according to claim 7 .

13. A method for stabilization of polyethylene, characterized in that the composition

according to any one of claims 1 to 5 is added to the polyethylene.
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